The generic identity of Odontophrynus moratoi is controversial since the original description due to the presence of intermediate morphological features between the genera Odontophrynus and Proceratophrys. Herein we performed molecular analyses of three genes (16S, cyt b and Rag-1) and recovered O. moratoi deeply imbedded inside a clade containing only Proceratophrys species, appearing as the sister group of Proceratophrys concavitympanum. Therefore, this study formally transfers the species O. moratoi to the genus Proceratophrys [Proceratophrys moratoi (Jim & Caramaschi 1980) comb. nov].
Introduction
Odontophrynus moratoi was described on the basis of a series of adult specimens obtained at Botucatu, state of São Paulo, Brazil (Jim & Caramaschi 1980) . Generic allocation was justified by the presence of several characters, mainly osteological, shared with Odontophrynus (no contact between nasals and frontoparietals, zygomatic portion of squamosal not contacting the maxilla, and frontoparietals without exostosis). However, the authors called the attention to the presence in this species of a set of characters associated with the genus Proceratophrys, but absent in Odontophrynus (e.g. rugosity of the dorsal surface of the fingers and toes, lack of dorsal and tibial glands, presence of tubercles on the thenar surfaces of hands and feet). They also admitted that the presence in O. moratoi of a moderately long squamosal, but still failing to contact the maxilla, represented an intermediate condition between Odontophrynus and Proceratophrys. However, the general pattern of most osteological features lead them to allocate the species into Odontophrynus (Jim & Caramaschi 1980) . After the original description the species was only reported from Itirapina, state of São Paulo, at approximately 100 km northwest from the type-locality (Brasileiro et al. 2008 ). The species is presently considered as "Critically Endangered" in the Global Amphibian Assessment database (IUCN 2006 ) due to evidence of a possible drastic population decline, and also included in a recently published list of endangered Brazilian fauna (Haddad 2008) .
Nonetheless, accordingly to the intermediate features already observed in adults, the tadpole description of O. moratoi revealed more morphological resemblances to Proceratophrys than Odontophrynus (RossaFeres & Jim 1996) . Despite the doubtful position among these genera suggested by different sets of morphological characters, Rossa-Feres and Jim (1996) maintained the species in Odontophrynus. Although this position was preferred in order to avoid taxonomic reformulations in the absence of a phylogenetic framework, it was suggested that further studies including genetic data should be helpful to evaluate the possibility of a generic reallocation (Jim & Caramaschi 1980; Rossa-Feres & Jim 1996) .
Previously, Proceratophrys and Odontophrynus were included in the Leptodactylidae, subfamily Ceratophryinae with Ceratophrys, Chacophrys, Lepidobatrachus and Macrogenioglottus (Laurent 1986; Frost 2004) . Morphological (Haas 2003 ) and molecular evidence (Faivovich et al. 2005; Frost et al. 2006; Grant et al. 2006) pointed out the paraphyly of Leptodactylidae and Ceratophryinae, and new taxonomic rearrangements were proposed. Presently, Proceratophrys (18 species) and Odontophrynus (11 spp) are allocated in the Cycloramphidae, subfamily Alsodinae, that also includes Alsodes (18 spp), Eupsophus (10 spp), Hylorina (1 spp), Insuetophrynus (1 spp), Limnomedusa (1 spp), Macrogenioglottus (1 spp) and Thoropa (5 spp), while Ceratophrys, Chacophrys and Lepidobatrachus are allocated in the Ceratophryidae, subfamily Ceratophryinae Grant et al. 2006) .
Herein we present the results of a combined molecular analysis of three genes in Proceratophrys and Odontophrynus in order to clarify the position of Odontophrynus moratoi.
Material and methods
We analyzed partial sequences of two mitochondrial [16S and cytochrome b (cyt b)] and one nuclear (Rag-1) genes of 17 species of the genera Odontophrynus, Proceratophrys and, Macrogenioglottus alipioi, Cycloramphus acangatan and Thoropa miliaris were used as outgroups (Table 1) . Total genomic DNA was extracted from liver and muscle according to Fetzner (1999) and amplification was carried using standard PCR protocols. A fragment of about 650 bp of the cyt b gene was amplified with primers CB1-L (5' -CCA TCC AAC ATC TCA GCA TGA TGA AA -3') and CB3-H (5' -GGC GAA TAG GAA GTA TCA TTC -3') (Palumbi 1996) , a fragment 620 bp of 16S with primers 16Sar (5' -CGC CTG TTT ATC AAA AAC AT -3') and 16Sbr (5' -CCG GTC TGA ACT CAG ATC ACG T -3') (Palumbi 1996) and 440 bp of nuclear gene Rag-1 with primers R1GFF (5' -GAG AAG TCT ACA AAA AVG GCA AAG -3') and R1GFR (5' -GAA GCG CCT GAA CAG TTT ATT AC -3') (Faivovich et al. 2005 ) (GenBank accessions numbers FJ685662-FJ685721, Table 1 ). The PCR cycle protocol consisted of one initial cycle of 94°C for 5 min followed by 35 cycles of 94°C for 40 sec, 48°C for 40 sec, 72°C for 40 sec and the products were directly purified with Exonuclease I and Shrimp Alkaline Phosphatase (USB or Fermentas). Automated sequencing was carried out using BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems), followed by analysis on ABI Prism 310, 3700 or 3170 Genetic Analyzer Sequencers (Applied Biosystems) according to the manufacturer's instructions.
Sequences were edited in Sequence Navigator (PE Applied Biosystems) and initially aligned with Se-Al V. 2.0 (Rambaut 1996) . The matrix of 611 bp of aligned sequences of cyt b and 428 bp of Rag-1 showed no indels. The alignment of 16S was made based on secondary structure and resulted in a matrix of 554 bp. The three data sets were combined in a matrix of 1593 bp and two different modes of inference were used in phylogenetic analyses: Maximum Parsimony (MP) implemented in PAUP* 4.0b10 (Swofford 2003) and Bayesian analysis (BA) implemented in MrBayes 3.0b4 (Ronquist and Huelsenbeck 2003) . MP searches were conducted with equal character weighting and gaps treated as fifth base under the heuristic search with tree bisection reconnection (TBR) branch swapping and 1,000 random-addition sequence replicates. Nodal support was estimated using non-parametric bootstrapping (Felsenstein 1985) with 1,000 replicates with five random addition sequence replicates each and TBR branch swapping. Consensus trees were obtained following the 50% majority rule, and nodes with bootstrap ≥ 70% were considered strongly supported. For Bayesian analyses, the best-fit model of nucleotide substitution for each data partition was selected using the hierarchical likelihood ratio (hLRT) criterion implemented in MrModeltest v.2.2 (Nylander 2004) . Because genes sampled evolve at different rates, two different partition schemes were used for phylogenetic analyses:
(1) one-partition, using a single model for the whole data set (GTR+I+Γ) and (2) three-partitions, using a separate model for each gene (GTR +I +G for 16S and cyt b; HKY + G for Rag-1). Two independent Bayesian analyses were performed for each partition, with a random starting tree, four incrementally heated Markov chains, and 4,000,000 generations, with trees sampled every 100 generations to estimate likelihood and sequence evolution parameters. Stationarity for each run was detected by plotting the likelihood scores of the trees against generation time, and the topology, posterior probability values, and branch lengths inferences were estimated after discarding 25% of the initial trees of each run as burn-in samples. Nodes with posterior probability ≥ 95% on a 50% majority rule consensus tree from both runs were considered significant support for a given clade. Uncorrected genetic distances (p distances) were also calculated using PAUP. 
Results
Both Bayesian and Maximum Parsimony analyses showed that O. moratoi is rooted within a clade composed only by species of Proceratophrys (Figs. 1, 2 
Discussion
Recent and much more comprehensive studies, mainly based on molecular data, support the sister-group relationship of Odontophrynus and Proceratophrys, including the whole complex in the subfamily Alsodinae of Cycloramphidae Grant et al. 2006) . Even considering the external morphological similarities of tadpoles and adults of O. moratoi with those of the genus Proceratophrys, it was attributed to the genus Odontophrynus (Jim & Caramaschi 1980; Rossa-Feres & Jim 1996) waiting for an explicit phylogenetic hypothesis to allocate correctly the species. The analyses presented herein recover O. moratoi deeply imbedded inside Proceratophrys. More particularly, our data strongly suggest that O. moratoi is the sister taxon of P. concavitympanum; this conclusion is supported by high values of bootstrap and posterior probability indexes (BS = 96, PP = 100; Figs. 1, 2 ). Until recently, P. concavitympanum was only known from the type locality (Espigão d'Oeste), in the state of Rondônia, Brazil, and is considered to be a species related to the Amazonian biome (Giaretta et al. 2000) . However, recent faunal studies have shown that the species also occurs in forest formations of the Cerrado domain (Pavan 2007) . Odontophrynus moratoi is considered to be endemic of the Cerrado (Colli et al. 2002) , occurring in localities of southeastern Brazil. Topologies obtained from Bayesian analysis and the one recovered from parsimony disagree regarding the monophyly of Odontophrynus. In MP analysis, M. alipioi is imbedded within a clade also composed by Odontophrynus terminals, whereas in the Bayesian analysis M. alipioi is the sister group of the clade including O. americanus, O. cultripes and O. carvalhoi. A more complete sampling of the genus Odontophrynus is necessary to clarify its relationships with Macrogenioglottus.
As the goal of taxonomy is to represent consistently and comprehensively the results of phylogenetic systematic analysis (Kluge 2005) , both Bayesian and parsimony analyses of this study support the reallocation of O. moratoi to the genus Proceratophrys. Therefore, we formally transfer the species O. moratoi to the genus Proceratophrys [Proceratophrys moratoi (Jim & Caramaschi 1980) comb. nov.] .
Finally, we would like emphasize that O. salvatori, from the Central Brazilian Cerrado and considered to be closely related to Proceratophrys moratoi, could be also incorrectly attributed to Odontophrynus. The original description of O. salvatori (which was not included in our study) also mentions intermediate and ambiguous generic morphological traits between Odontophrynus and Proceratophrys; allocation in Odontophrynus followed the same criterion previously used to O. moratoi (now in Proceratophrys) (Caramaschi 1996; Brandão & Batista 2000) . Thus, it is possible to admit that morphological features such as the absence of dorsal and tibial glands, presence of tubercles on the thenar surfaces of hands and feet, lack of interdigital membrane and nuptial pad, all pointed out to be shared by P. moratoi and O. salvatori, are suggestive of their relationships as sister groups. 
